ABSTRACT
INTRODUCTION
Computed tomography scanners currently installed in radiodiagnostic services present wide technological variations, either in the speed of acquisition or in the protocols used for the acquisition of images that are dependent on available technology. Thus, images generated with the same diagnostic objective in different devices can result in different doses to patient, very different, either by the technological difference or the acquisition protocol used [1] .
The X-rays used for diagnosis is the artificial source that contributes most to the exposure dose of the population due to the large number of X-ray examinations performed per year. The ionizing radiation originated from the X-rays used for diagnosis is the artificial source that contributes most to the exposure dose of the population due to the large number of X-ray examinations performed per year. CT scans accounted for 5% of all radiological exams and resulted in 34% of deposited dose in the world population in the year 2000 [2] .
In 2006 the contribution of medical exposures in the composition of the effective population in the USA corresponded to 48%, with 24% due to CT examinations. The other 52% are derived from other sources such as Radon (37%), spatial origin (5%), terrestrial (3%) and internal (5%).
Considering this data, it can be estimated that currently this population receives practically twice the dose received by the population before the discovery of X-rays [2, 3] .
The increase in the use of imaging methods that make use of ionizing radiation, and especially of CT scans is responsible for the sharp increase in the annual mean individual radiation dose. With this, there is a growing concern of the medical community, manufacturers and even patients regarding the control of the radiation dose determined by the various tests that use ionizing radiation. In addition to occupational radiological protection, clinical practice uses the principle known as ALARA (As Low As Reasonably Achievable) to guide the rational use of this technology [4] .
Several factors contribute to the increased demand for CT scans, including the constant technological evolution of the equipment; the speed of the data acquisition and the reduction of the examination time; as well as the increase in the number of indications for its accomplishment, associated to greater availability and a relative tendency to decrease exam costs [5] .
The risk associated with a radiological examination can be considered quite low compared to the risk due to natural radiation. However, any additional risk, no matter how small, is unacceptable if it does not benefit the patient. The knowledge of the dose distribution deposited in children is important when it is thought to change the acquisition parameters aiming at dose reduction. The risks of stochastic effects increase in the child due to the tissue radiosensitivity allied to the long life expectancy [6] .
The CT scans result in absorbed doses to organs in the range of 10 to 100 mGy, usually below the lower limit considered for the occurrence of deterministic effects [Image Gently, 2014] .
However, all procedures involving ionizing radiation can lead to stochastic effects, such as tumor induction. ICRP 87 (2000) advocates actions for dose reduction, such as the use of 270° partial tube rotation, selection of suitable reconstruction protocols, use of multi-channel Z filters, which would be actions to be incorporated into the technology of CT scanners. Several actions were introduced by the manufacturers, for example: specific protocols for pediatric patients, current modulation in the organ-based tube and interactive reconstruction [7] .
The objective of this study is to find the differences in dose values deposited in adult and pediatric chest phantoms using the same acquisition protocols and calculate the CT dose index for the phantoms.
MATERIALS AND METHODS

Computer Tomography Scanners
The experiments for the observation and comparison of the CT air kerma index and CT dose on the chest phantoms were carried out on two multislice CT scanners, one made by GE and another by Philips. The routine chest protocols and optimized pediatric chest scan protocols were used. Table 1 shows the main characteristics of the CT scanners used. The phantom has openings for positioning of dosimeters, one central being representative of the mediastinum and four peripheral positions 3 and 9 axillary regions and 6 and 12 thoracic spine and mediastinum, which from the anatomical point of view, whose purpose will be to study the distribution of doses absorbed in these involved organs and tissues. The four peripheral openings are 90° out of phase, the center of which is 10 mm from the edge of the phantom. Figure 1 shows an illustration with the dimensions of the adult and pediatric phantoms. 
In order to carry out the scans on the CT devices, the phantoms were positioned in the isocenter of the gantry, and the peripheral openings were identified according to the hours of the analog clock, as: 3, 6, 9 and 12. These apertures are used as reference to position the phantom in the isocenter of the gantry with the aid of lateral side and up lasers.
The openings of the phantoms are filled with PMMA rods which must be removed one by one for the positioning of the pencil chamber, targeting the dose measurements in the five regions. Thus, while the ionization chamber is positioned in one opening, the others were filled with PMMA rods holding the phantom as a PMMA solid structure. Figure 2 shows the positioning of the adult phantom in the isocenter of the gantry. The CT air kerma index measurements were performed using a pencil chamber with the routine chest scan protocol used by the radiological services and other protocols were proposed. The measurements were recorded with the gantry at zero-degree angulation and with the phantom positioned in the isocenter.
The pencil chamber was positioned alternately in the openings of the adult chest phantom and later in the pediatric phantom. For each chamber positioning, five measurements were performed, making a minimum of 25 measurements for each protocol and for each phantom. The central slice irradiations were performed in the two phantoms, in axial mode, with a voltage supply of the X-ray tube of 120 kV in the both CT scanners.
Scanning protocols
The definition of the protocol parameters for the central slice irradiation has been performed through the operating terminal of the scanner. In the examination room, the adult phantom and later the pediatric phantom have been placed on the table and, with the aid of lasers, they were oriented so that their central axis passed through the isocenter of the gantry during the displacement of the table. Table 2 shows the protocol parameters used to irradiate the central slice of the two phantoms in axial mode, for scanners A and B, respectively. Table 3 shows the protocols used in the services routines for all patients, regardless of size or age. Both scanners have automatic exposure control for dose reduction through current modulation (mA). Thus, the pediatric phantom was scanned with the automatic current control system, and the typical currents generated in the scans of the phantom were obtained.
Dose index values obtained
The values of air kerma in PMMA (C k,PMMA,100 ) were obtained by reading the values recorded on the electrometer duly calibrated by the influence of temperature and pressure through the calibration factor of the ionization chamber. In order to obtain the CT Dose Index (CTDI) values from the air kerma values, an air/PMMA conversion factor of 1.0412 was used, considering the 120 kV beam [8, 9] .
RESULTS AND DISCUSSION
Measurements of C k,PMMA,100
The irradiation of the central slice of the adult phantom was done using the parameters defined in Table 1 . The mean values obtained for each position and the standard deviation (SD) of the measurement are presented in the Table 4 . Observing the mean values recorded in the five positions, it is verified that, among the values of air kerma in the peripheral PMMA, the highest recorded value was 12.52 ± 0.34 mGy, and it occurred in position 12, and the lowest was 10.50 ± radiates the object from the bottom to the top. As the contribution in the composition of the registered value of point 6 is greater at that moment, due to the proximity of the beam focus, the total value of air kerma in that position becomes normally smaller. For these measurements, the standard deviation (SD) ranged from 0.29% to 2.72% of the average value. For these measurements the standard deviation ranged from 0.23% to 6.64% of the average value.
The irradiation of the central slice of the pediatric phantom was done using the parameters defined in the Table 5 . Five values of C k,PMMA,100 were obtained for the five measurement positions. These results demonstrate that, if the same charge (100 mA.s) was used, the A scanner would promote greater dose deposition than the B scanner, both for an adult patient and for a pediatric patient. However, in the routine scans performed with the A scanner, the load value is 150 mA.s and for the B scanner, the load is 250 mA.s.
Considering also the influence of the pitch on the final value of the dose index in CT scans, we can obtain the value of C vol and considering the pitch of 0.984 for the CT scanner A and 0.938 for the B, as presented in Tables 5 and 6 . Thus, the values of C vol and CTDI vol shows in Table 7 . Considering the dose variation through the CTDI vol of the pediatric phantom in relation to the adult phantom it is verified that the pediatric phantom receives a dose 59.56% greater than the adult phantom in the scanner A and 49.53% in the B.
The development of the pediatric chest phantom in oblong format allowed the measurement of dose rates in CT and verify the variations presented and compare with the adult chest phantom.
Chest scans with routine protocols have demonstrated that the dose in an eight years old patient when using the same scanning protocol is about 50% greater than in the adult patient.
CONCLUSIONS
The developed pediatric chest phantom allowed the verification of how the dose distribution can vary with the objet shape and volume. When comparing with the data obtained for the standard adult chest phantom, it was found that doses in smaller volumes, such as pediatric patients, are higher when using the same acquisition protocol.
The scans of the central slice in the adult and pediatric chest phantom performed on the A and B
CT scanners allowed us to observe the higher doses deposited in the pediatric phantom and which, depending on the section format, the doses are smaller on the longer axis 3, 9 and central positions,
and larger in positions 6 and 12.
The results obtained allow us to say that the protocols defined for adult patients are oversized when used for chest scans of pediatric patients. Therefore, equipment that has automatic dose control tools must be activated when scans are performed in pediatric patients. However, it should be emphasized that in Brazil, a part of the equipment installed does not have automatic current adjustment tools, aiming at dose reduction and that even those who do not always have this tool triggered for pediatric patient scans. Even in more advanced technology equipment, such as multislice, which already have an automatic dose reduction system evaluated by patient mass and height, still require dose reduction adjustments for the pediatric patient.
